###### Strengths and limitations of this study

-   This was a matched (1:8) case--control study in a large clinical database (n=193 714) from a specialised liver disease centre.

-   This study focused on patients with one herb *Polygonum multiflorum* Thunb. induced liver injury in order to avoid the confounding effects of different drugs on prognosis.

-   We had simultaneously made comparisons among the three groups (HILI with chronic liver disease (CLD) group, HILI without CLD group and matched CLD without HILI group) for distinguishing between HILI and CLD interactions.

-   The present study was limited by the sample size, single-centre and retrospective nature of the study (ie, a tertiary hospital).

Introduction {#s1}
============

Concurrence of pre-existing chronic liver disease (CLD) with drug-induced liver injury (DILI) is a special challenge in clinical settings, which might render the liver sensitive to drug toxicity and cause higher fatality rates.[@R1] For instance, a case report showed that long-term alcohol intake could potentiate the hepatotoxicity of low doses of acetaminophen.[@R2] In addition, non-alcoholic fatty liver disease (NAFLD) and obesity might increase the risk for acute DILI caused by several synthetic agents, such as methotrexate and tamoxifen, resulting in more severe liver injury.[@R3] According to published data from the Drug-Induced Liver Injury Network (DILIN), a higher total fatality rate (19.0%) occurred in patients with known pre-existing liver diseases 6 months after the onset of DILI than in those without CLD (8.1%).[@R6] However, these results in DILIN registry could be different from outcomes of DILI patients with pre-existing CLD in China due to different spectra of CLD and medication systems. Furthermore, no studies have tested whether the concurrence of pre-existing CLD is a major risk factor for worse prognosis in DILI.[@R3]

In particular, herbal medications are frequently used as alternative or supplementary agents to conventional synthetic drugs to treat chronic diseases in low/middle-income countries (LMICs). In previous population surveys, herbal and dietary supplements (HDS) were used by one-third to one-half of the adult population in developed countries.[@R7] In a previous population survey of LMICs, the widespread use of traditional Chinese medicines (TCMs) was reported among 24.5% of middle-aged and older patients with chronic diseases in China.[@R8] However, the risk of herbal hepatotoxicity has not been fully addressed, especially in patients with pre-existing CLD. It was reported that the herbal formula, Xiao Chai Hu Tang, caused jaundice and abnormal liver function in a middle-aged woman with known pre-existing liver disease.[@R9] In addition, there has been also a rising trend in the use of HDS in developed countries, although they are not prescribed by physicians. Therefore, HILI coupled with pre-existing CLD is a critical and expanding issue in most of these countries. However, knowledge about the intersection between herb-induced liver injury (HILI) and pre-existing CLD has been largely limited.

In this study, we analysed the clinical characteristics and prognosis of HILI, especially in patients with pre-existing CLD from a single centre in China, and tested whether the concurrence of pre-existing CLD was an independent risk factor for worse prognosis in patients with HILI.

Methods {#s2}
=======

Study design {#s2a}
------------

The case--control study included inpatients in Beijing 302 Hospital, a tertiary hospital specialising in liver diseases in the Capital Region of China, from February 2007 to January 2017. Since different drugs might have differential effects on prognosis, we found the HILI cases attributed to the same herb in order to avoid the confounding effects of different drugs. Finally, *Polygonum multiflorum* Thunb. (PMT) was found to be the most frequent herb attributed to HILI, and this herb has been widely considered to cause hepatotoxicity over the past three decades.[@R11] Then, we also divided enrolled patients with PMT-related HILI into patients with pre-existing CLD and those without CLD. To determine the effects of different pre-existing CLD on the prognosis of HILI, we selected patients with PMT-related HILI with pre-existing CLD as the case group, and also identified matched CLD patients without HILI as the control group. For each case, we selected eight controls matched by sex, age (±4 years old), body mass index (BMI) (±2 kg/m^2^), the type of CLD, the daily amount of alcohol intake (±5 g/d) and the presence or absence of cirrhosis.

Detailed data about demographics, medical history, clinical features, laboratory tests and histological findings in all eligible patients were extracted from the electronic medical record (EMR). The study protocol was approved, and written informed consent was obtained from each enrolled patient, guardian or next of kin. The study flowchart is depicted in [figure 1](#F1){ref-type="fig"}.

![Flowchart depicting the process for case enrolment. AILD, autoimmune liver disease; ALD, alcoholic liver disease; CLD, chronic liver disease; CVH, chronic viral hepatitis; DILI, drug-induced liver injury; HILI, herb-induced liver injury; NAFLD, non-alcoholic fatty liver disease; PMT, *Polygonum multiflorum* Thunb.](bmjopen-2018-023567f01){#F1}

Diagnostic criteria {#s2b}
-------------------

DILI or HILI diagnosis was performed according to the American College of Gastroenterology (ACG) clinical guideline for DILI,[@R3] which consists of three parts: (1) any recent abnormal liver biochemistry indices; and (2) chronological use of all drugs and HDS within 6 months prior to the onset of abnormalities in liver testing; and (3) exclusion of recent acute liver injury indicating alternative causes. Abnormal liver biochemistries should meet any of the three following conditions: (1) only a recent rise in alanine or aspartate aminotransferase (ALT or AST) ≥5 times the upper limit of normal (ULN); (2) alkaline phosphatase (AKP) ≥2 times ULN; (3) jaundice (serum total bilirubin (TB) ≥2 mg/dL) and elevations of liver enzymes (ALT ≥3 ULN). For patients with HILI with pre-existing CLD, the ULN was replaced with the previously obtained baseline value prior to exposure to the suspected drugs. When assessing alternative causes of HILI, cases with positive antihepatitis A virus IgM, antihepatitis B core IgM, hepatitis B virus (HBV) DNA, antihepatitis E virus IgM and antihepatitis E virus IgG testing, or with non-hepatotropic virus infection, or with alcoholism within 3 months prior to onset were excluded.[@R3]

In the case and control groups, CLD were defined as persistent liver diseases over 6 months, including alcoholic liver disease (ALD), NAFLD, chronic viral hepatitis (CVH) and autoimmune liver diseases (AILD). ALD was diagnosed in patients with CLD with a history of excessive alcohol consumption over 5 years, ≥40 g/day for men and ≥20 g/day for women, and other causes of CLDs were excluded.[@R17] NAFLD was diagnosed in patients with the radiographic imaging or histological findings compatible with hepatic steatosis in the absence of excessive alcohol intake and other alternative causes such as viral hepatitis, use of agents associated with hepatotoxicity and iron overload.[@R18] CVH was diagnosed based on positive serologic parameters, and in this study, CVH involved chronic HBV infection and chronic hepatitis C virus infection.[@R19] AILD consisted of autoimmune hepatitis, primary biliary cholangitis and the overlap syndrome between both of these conditions, and it was diagnosed according to the antibody profiles and liver biopsy findings.[@R21]

Procedures {#s2c}
----------

In this study, we assessed clinical patterns of liver injury, causality and severity in all eligible patients. By using R value, the ratio of ALT (as a multiple of its ULN) to serum alkaline phosphatase (ALP) (as a multiple of its ULN) at onset after intake of suspected drugs,[@R23] the clinical pattern of DILI was classified into hepatocellular (R≥5), cholestatic (R≤2) and mixed liver injury (2\<R\<5). Based on the Roussel Uclaf Causality Assessment Method (RUCAM),[@R24] a causal relationship between liver injury and implicated agents among eligible patients was judged as highly probable (≥9), probable (6--8), possible (3--5), unlikely (1--2), or excluded (≤0). According to national and international practice guidelines, the severity assessments of HILI were categorised into five grades, including mild, moderate, severe, liver failure and fatal.[@R25] Additionally, the Model for End-Stage Liver Disease (MELD) score was calculated as follows: 9.6\*ln \[creatinine (mg/dL)\]+3.8\*ln \[bilirubin (mg/dL)\]+11.2\*ln (international normalised ratio (INR))+6.4.

Liver biopsies were reviewed by two hepatic pathologists, who were blinded to clinical information including patients and suspected agents. And the pathological pattern of liver injury was classified into acute hepatitis and chronic hepatitis, acute and chronic cholestasis and cholestatic hepatitis.[@R28]

The discontinuance of the causal agent(s) and alcohol intake was performed in every eligible patient at HILI or CLD recognition. The follow-up visits in eligible cases were scheduled at 6 or 12 months through telephone dictation or uploaded clinical data from EMR. The patient was defined as lost to follow-up if we were unable to contact with him or her at follow-up visit for any reason. Chronicity was considered as the elevations of ALT, AST, TB or ALP \>1 ULN or hepatic imaging or histological data in line with chronicity after 6 months from the recognition of HILI or CLD. According to detailed descriptions of the follow-up, all of the eligible patients were categorised with three current outcomes: (1) the recovery group, consisting of cases who had obtained persistent normalisation of liver biochemistry after the withdrawal of implicated agent(s) over the 6-month follow-up; (2) the chronic group, including cases with chronicity beyond 6-month follow-up; and (3) the fatal group, including patients who underwent liver transplantation or died due to liver diseases.

Patient involvement {#s2d}
-------------------

No patient was involved in setting the research question, the design of the study or their outcome measures. Regular contact with enrolled patients was to improve the implementation of the study. Finally, no patient had advised on dissemination including describing the research and its results.

Statistics {#s2e}
----------

The data are characterised by the means±SDs for normal distribution, the median (Q1, Q3) for abnormal distribution and the frequency distributions for categorical variables. Differences between groups in continuous variables were assessed using Student's t-test and one-way analysis of variance (ANOVA) or Wilcoxon's rank-sum test and the Kruskal-Wallis test based on test of normality and homogeneity of variance, respectively. Differences between groups in categorical variables were analysed by the χ^2^ test or Fisher's exact test, while results of multiple comparisons were corrected by the Bonferroni's correction. The identification of factors with p values less than 0.1 in univariate analysis was explored through multivariable logistic regression analysis. OR and 95% CIs were calculated from the model coefficients and SE. P\<0.05 was considered statistically significant. All of the statistical analyses were performed using Statistical Package for the Social Sciences (SPSS) software, V.19.0 (SPSS, Chicago, Illinois, USA).

Results {#s3}
=======

Demographics {#s3a}
------------

Of the 7001 hospitalised patients with temporal association between liver injury and drug exposure among the 193 714 inpatients with liver diseases in the liver unit at Beijing Military 302 Hospital between February 2007 and January 2017, 5703 patients met the diagnostic criteria for DILI, of whom 145 cases were attributed to PMT-related HILI (online [supplementary figure S1, tables S1 and S2](#SP1){ref-type="supplementary-material"}). Among these cases, 33 (22.76%) with HILI had pre-existing CLD, while 112 cases (77.24%) did not have pre-existing CLD ([figure 1](#F1){ref-type="fig"}). There was no difference in the mean ages between the HILI patients with (45.60 years old, range 21.67--86.74) or without (42.61 years old, range 8.47--70.79) pre-existing CLD. However, male patients accounted for a larger proportion of HILI patients with pre-existing CLD than those without pre-existing CLD (67.7% vs 40.2%, p=0.007) ([table 1](#T1){ref-type="table"}).
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###### 

The characteristics among PMT-related HILI patients with or without pre-existing CLD

  -------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristic                                      Entire cohort of HILI\     HILI with pre-existing CLD\   HILI without CLD\          P value
                                                      (n=145, 100%)              (n=33, 22.76%)                (n=112, 77.24%)            
  --------------------------------------------------- -------------------------- ----------------------------- -------------------------- ---------
  Males (%)                                           67 (46.2%)                 22 (66.7%)                    45 (40.2%)                 0.007

  Age (years, mean±SD)                                43.29±13.68                45.60±13.04                   42.61±13.85                0.272

  BMI (kg/m^2^, mean±SD)                              23.37±3.40                 24.64±3.57                    23.00±3.27                 0.015

  Prior drug allergies (%)                            11 (7.6%)                  1 (3.0%)                      10 (8.9%)                  0.236

  Latency (days, median (IQR))                        50.0 (31.0,91.0)           45.0 (29.5,105.0)             51.0 (31.0,88.5)           0.777

  Re-challenge (%)                                    7 (4.8%)                   1 (3.0%)                      6 (5.4%)                   0.499

  Alcohol use\* (%)                                   28 (19.3%)                 17 (51.5%)                    11 (9.8%)                  \<0.001

  Laboratory index in DILI recognition                                                                                                    

   WBC (×10^9^/L, median (IQR))                       5.34 (4.30, 6.56)          4.89 (4.39,6.50)              5.37 (4.23,6.56)           0.899

   HGB (g/L, mean±SD)                                 135.59±18.20               137.82±18.72                  134.94±18.08               0.426

   PLT (×10^9^/L, mean±SD)                            213.47±71.00               196.79±78.72                  218.37±68.16               0.125

   Peripheral eosinophilia (×10^9^/L, median (IQR))   0.16 (0.10,0.28)           0.21 (0.14,0.28)              0.15 (0.09,0.28)           0.114

  Peak values of laboratory index                                                                                                         

   ALT (U/L, median (IQR))                            1208.70 (826.05,1537.00)   1276.00 (806.00,1671.00)      1173.00 (833.00,1472.05)   0.551

   AST (U/L, median (IQR))                            739.00 (494.00,1051.00)    873.00 (445.00,1292.50)       716.90 (493.50,1041.60)    0.341

   ALP (U/L, median (IQR))                            179.0 (141.5,215.0)        177.00 (145.50,230.55)        180.00 (139.50,213.50)     0.786

   TB (mg/dL, median (IQR))                           10.76 (6.15,18.96)         18.75 (7.69,25.18)            10.38 (5.59,16.77)         0.008

   Albumin (g/L, median (IQR))                        34(31,38)                  33.00 (27.50,37.00)           35.00 (32.00,38.00)        0.036

   Cholinesterase (U/L, mean±SD)                      4924.61±1772.28            4197.70±1969.99               5138.79±1659.09            0.007

   INR (median (IQR))                                 1.07 (0.98,1.02)           1.09 (0.97,1.40)              1.07 (0.99,1.15)           0.488

  Pattern of liver injury                                                                                                                 

   HC/Chol/Mixed (%)                                  137/4/4                    30/2/1                        107/2/3                    0.399

   RUCAM score (median (IQR))                         8 (7,8)                    7 (6,8)                       8 (7,8)                    0.003

   Possible/probable/highly probable                  9/120/16                   2/30/1                        7/90/15                    0.275

  Severity of liver injury† (% of column total)       0.120                                                                               

   Mild                                               8 (5.5%)                   1 (3.0%)                      7 (6.3%)                   

   Moderate                                           18 (12.4%)                 2 (6.1%)                      16 (14.3%)                 

   Severe                                             105 (72.4%)                25 (75.8%)                    80 (71.4%)                 

   Liver failure                                      10 (6.9%)                  2 (6.1%)                      8 (7.1%)                   

   Fatal                                              4 (2.8%)                   3 (9.1%)                      1 (0.9%)                   

   MELD score (median (IQR))                          15(12,18)                  17(13,20)                     15(11,17)                  0.038

  Prognosis (% of column total)                                                                                                           

   Recovery                                           120 (82.8%)                20 (60.6%)                    97 (86.6%)                 0.001

   Chronic                                            20 (13.8%)                 10 (30.3%)                    14 (12.5%)                 0.016

   Fatal                                              5 (3.4%)                   3 (9.1%)                      1 (0.9%)                   0.037
  -------------------------------------------------------------------------------------------------------------------------------------------------

\*The patients with histories of excessive alcohol use (alcohol intake of ≥40 g/d for men and ≥20 g/d for women) did not drink during 3 months prior to the onset of liver injury.

†The severity assessments of HILI were graded as follows[@R31]: mild, reversible elevations of serum ALT and/or ALP levels, TB \<2.5 mg/dL and international normalised ratio (INR) \<1.5; moderate elevations of serum ALT and/or ALP levels with associated TB ≥2.5 mg/dL or INR ≥1.5; severe, elevations of serum ALT and/or ALP levels and TB ≥5 mg/dL, with or without INR ≥1.5; liver failure, elevation of serum ALT and/or ALP level with TB ≥10 mg/dL or a sharp increase of 1 mg/dL per day, INR ≥1.5, with relevant ascites, hepatic encephalopathy or other organ failure related to DILI; death or liver transplantation because of DILI.

ALP, serum alkaline phosphatase; ALT, serum alanine transaminase; AST, serum aspartate aminotransferase; BMI, body mass index; Chol, cholestatic; CLD, chronic liver diseases; DILI, drug-induced liver injury; HC, hepatocellular; HGB, haemoglobin; HILI, herb-induced liver injury; INR, international normalised ratio; MELD, Model for End-Stage Liver Disease; PLT, platelet; PMT, *Polygonum multiflorum* Thunb.; RUCAM, the Roussel Uclaf Causality Assessment Method; TB, serum total bilirubin; WBC, white blood cell.

Among enrolled patients with PMT-related HILI, 22.76% (33 of 145) had pre-existing CLD, including 17 with ALD, eight with NAFLD, five with CVH and three with AILD ([figure 1](#F1){ref-type="fig"} and online [supplementary table S3](#SP1){ref-type="supplementary-material"}). Patients with HILI with pre-existing ALD comprised well over 50% of male patients compared with those without pre-existing CLD (p\<0.001), whereas patients with HILI with pre-existing NAFLD implied no sex differences from those without pre-existing CLD ([tables 2 and 3](#T2 T3){ref-type="table"}). In contrast, BMI values might be significantly higher in HILI cases with pre-existing NAFLD than in HILI cases without pre-existing CLD, but there was no difference in HILI cases with pre-existing ALD and those without CLD ([tables 2 and 3](#T2 T3){ref-type="table"}).

###### 

The characteristics of PMT-related HILI patients with pre-existing ALD compared with those of PMT-related HILI patients without CLD and matched ALD patients

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristic                              HILI without CLD group\     HILI with pre-existing ALD group (n=17)   Matched ALD group\          P value\*   P value†   P value‡   P value§
                                              (n=112)                                                               (n=136)                                                       
  ------------------------------------------- --------------------------- ----------------------------------------- --------------------------- ----------- ---------- ---------- ----------
  Males (%)                                   45 (40.2%)                  15 (88.2%)                                120 (88.2%)                 \<0.001     \<0.001    \<0.001    1.00

  Age (years, median (IQR))                   43.79 (33.80, 53.41)        45.15 (38.68, 56.00)                      45.17 (38.34, 51.65)        0.567                             

  BMI (kg/m^2^, median (IQR))                 22.48 (20.45, 24.96)        24.06 (20.67, 26.76)                      23.51 (22.10, 24.73)        0.133                             

  Liver cirrhosis (%)                         8 (7.1%)                    3 (17.6%)                                 32 (23.5%)                  0.001       0.480      \<0.001    1.00

  Peak of serum ALT (U/L, median (IQR))       1173.00 (833.00,1472.05)    1389.00 (911.85,1842.50)                  54.50 (30.00, 90.75)        \<0.001     0.801      \<0.001    \<0.001

  Peak of serum AST (U/L, median (IQR))       716.90 (493.50,1041.60)     878.00 (423.50,1359.00)                   46.50 (26.00, 91.00)        \<0.001     1.00       \<0.001    \<0.001

  Peak of serum ALP (U/L, median (IQR))       180.00 (139.50,213.50)      179.00 (149.50,230.55)                    103.00 (80.00, 165.50)      \<0.001     1.00       \<0.001    0.003

  Peak of serum TB (mg/dL, median (IQR))      10.38 (5.59, 16.77)         18.75 (8.15,29.51)                        1.11 (0.74, 2.12)           \<0.001     0.057      \<0.001    \<0.001

  Peak of serum GGT (U/L, median (IQR))       164.00 (96.25, 260.00)      160.00 (113.00, 187.00)                   125.00 (46.75, 336.00)      0.508                             

  Peak of serum INR (median (IQR))            1.07 (0.99, 1.15)           1.11 (1.02, 1.40)                         0.99 (0.93, 1.10)           \<0.001     0.744      \<0.001    0.009

  Peak of serum TC (mmol/L, median (IQR))     3.79 (2.96, 4.42)           3.78 (2.45, 4.44)                         4.75 (3.90, 5.43)           \<0.001     0.957      \<0.001    0.009

  Peak of serum TG (mmol/L, median (IQR))     2.32 (1.61, 3.25)           2.34 (1.77, 3.56)                         1.70 (1.10, 3.01)           0.004       1.00       0.009      0.156

  Laboratory index in the recognition                                                                                                                                             

   Serum albumin (g/L, median (IQR))          37.00 (35.00, 40.00)        35.00 (30.50, 39.00)                      39.00 (35.00, 43.00)        0.001       0.303      0.003      0.021

   Serum cholinesterase (U/L, median (IQR))   5754.50 (4715.25,6615.75)   4506.00 (3196.50,5561.00)                 6702.00 (4861.50,8223.75)   \<0.001     0.018      \<0.001    \<0.001

   Recovery (%)                               97 (86.6%)                  10 (58.8%)                                120 (88.2%)                 0.011       0.030      1.000      0.015

   Chronic (%)                                14 (12.5%)                  6 (35.3%)                                 16 (11.8%)                  0.038       0.027      0.860      0.019

   Fatal (%)                                  1 (0.9%)                    1 (5.9%)                                  0 (0.0%)                    0.058                             
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*The comparisons were analysed among the three groups.

†The pairwise comparison between the PMT-related HILI group without CLD and the PMT-related HILI with pre-existing ALD group.

‡The pairwise comparison between the PMT-related HILI group without CLD and the matched ALD group.

§The pairwise comparison between the PMT-related HILI with pre-existing ALD group and the matched ALD group.

†‡§Differences between groups in categorical variables were analysed by the chi-squared test or Fisher's exact test, while results of multiple comparisons were corrected by the Bonferroni's correction.

ALD, alcoholic liver disease; ALP, serum alkaline phosphatase; ALT, serum alanine transaminase; AST, serum aspartate aminotransferase; BMI, body mass index; CLD, chronic liver disease; GGT, gamma-glutamyl transpeptidase; HILI, herb-induced liver injury; Ig, immunoglobulin; INR, international normalised ratio; PMT, *Polygonum multiflorum* Thunb.; TB, serum total bilirubin; TC, total cholesterol; TG, total glyceride.

###### 

The characteristics of PMT-related HILI patients with pre-existing NAFLD compared with those of PMT-related HILI patients without CLD and matched NAFLD patients

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristic                            HILI without CLD group\    HILI with pre-existing NAFLD group (n=8)   Matched NAFLD group (n=64)   P value\*   P value†   P value‡   P value§
                                            (n=112)                                                                                                                              
  ----------------------------------------- -------------------------- ------------------------------------------ ---------------------------- ----------- ---------- ---------- ----------
  Males (%)                                 45 (40.2%)                 4 (50.0%)                                  24 (37.5%)                   0.805                             

  Age (years, median (IQR))                 43.79 (33.80,53.41)        40.27 (33.81,48.39)                        39.17 (34.08,48.69)          0.337                             

  BMI (kg/m^2^, median (IQR))               22.48 (20.45,24.96)        27.16 (25.48,28.53)                        26.15 (23.69,28.53)          \<0.001     0.003      \<0.001    1.000

  Diabetes mellitus (%)                     5 (4.5%)                   0 (0.0%)                                   4 (6.3%)                     0.817                             

  Liver cirrhosis (%)                       8 (6.90%)                  0 (0.00%)                                  0 (0.00%)                    0.104                             

  Complications (%)                         17 (14.3%)                 2 (25.0%)                                  0 (0.0%)                     0.001       1.000      \<0.001    0.009

  Peak of serum ALT (U/L, median (IQR))     1173.00 (833.00,1472.05)   1490.50 (861.75,1681.50)                   88.00 (58.50,152.25)         \<0.001     1.000      \<0.001    \<0.001

  Peak of serum AST (U/L, median (IQR))     716.90 (493.50,1041.60)    945.00 (645.18,1377.75)                    50.00 (34.00, 75.25)         \<0.001     0.468      \<0.001    \<0.001

  Peak of serum ALP (U/L, median (IQR))     180.00 (139.50,213.50)     149.00 (105.25,192.75)                     98.50 (77.50,121.75)         \<0.001     0.864      \<0.001    0.045

  Peak of serum TB (mg/dL, median (IQR))    10.38 (5.59,16.77)         21.08 (7.65,21.93)                         0.74 (0.57,0.90)             \<0.001     0.252      \<0.001    \<0.001

  Peak of serum GGT (U/L, median (IQR))     164.00 (96.25,260.00)      209.00 (196.25,257.25)                     80.00 (40.50,141.75)         \<0.001     0.396      \<0.001    \<0.001

  Peak of serum INR (median (IQR))          1.07 (0.99,1.15)           1.21 (0.97,1.40)                           0.94 (0.88, 0.96)            \<0.001     1.000      \<0.001    0.003

  Peak of serum TC (mmol/L, median (IQR))   3.79 (2.96,4.42)           4.18 (3.76, 4.63)                          5.04 (4.39, 5.58)            \<0.001     0.780      \<0.001    0.084

  Peak of serum TG (mmol/L, median (IQR))   2.32 (1.61,3.25)           3.11 (1.71,4.37)                           2.24 (1.58,3.37)             0.530       0.711      1.000      1.000

  Laboratory index in the recognition                                                                                                                                            

  Serum albumin (g/L, median (IQR))         37.00 (35.00,40.00)        39.50 (33.25,40.00)                        42.00 (40.00,44.00)          \<0.001     1.000      \<0.001    0.003

  Serum cholinesterase (U/L, mean±SD)       5664.79±1613.11            5856.38±1941.11                            8589.23±1254.07              \<0.001     1.000      \<0.001    \<0.001

  Recovery (%)                              97 (86.6%)                 5 (62.5%)                                  55 (85.9%)                   0.187                             

  Chronic (%)                               14 (12.5%)                 3 (37.5%)                                  9 (14.1%)                    0.137                             

  Fatal (%)                                 1 (0.9%)                   0 (0.00%)                                  0 (0.00%)                    1.000                             
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*The comparisons were analysed among the three groups.

†The pairwise comparison between the PMT-related HILI group without CLD and the PMT-related HILI with pre-existing NAFLD group.

‡The pairwise comparison between the PMT-related HILI group without CLD and the matched NAFLD group.

§The pairwise comparison between the PMT-related HILI with pre-existing NAFLD group and the matched NAFLD group.

†‡§Differences between groups in categorical variables were analysed by the chi-squared test or Fisher's exact test, while results of multiple comparisons were corrected by the Bonferroni's correction.

ALP, serum alkaline phosphatase; ALT, serum alanine transaminase; AST, serum aspartate aminotransferase; BMI, body mass index; CLD, chronic liver disease; GGT, gamma-glutamyl transpeptidase; HILI, herb-induced liver injury; Ig, immunoglobulin; INR, international normalised ratio; NAFLD, non-alcoholic fatty liver disease; PMT, *Polygonum multiflorum* Thunb.; TB, serum total bilirubin; TC, total cholesterol; TG, total glyceride.

Clinical characteristics {#s3b}
------------------------

The clinical features of patients with HILI with or without pre-existing CLD are showed in [table 1](#T1){ref-type="table"}. By the use of R values, 145 eligible cases were classified into hepatocellular (n=137, 94.6%), cholestatic (n=4, 2.7%) and mixed liver injury (n=4, 2.7%). Of HILI cases with and without pre-existing CLD, based on the RUCAM scale, 11.0% were considered highly probable, 82.8% were probable, 6.2% were possible and no one was unlikely or excluded. The clinical patterns and RUCAM scales in the HILI cases with pre-existing CLD were similar to those in HILI cases without CLD.

The main presenting symptoms, including jaundice (93.9% vs 93.8%), anorexia (72.7% vs 75%), generalised weakness (72.7% vs 68.8%), nausea (51.5% vs 42.9%), abdominal discomfort (27.3% vs 31.3%) and vomiting (9.1% vs 16.1%), were all profiled and showed fewer differences in patients with HILI with or without pre-existing CLD. Further, there were no differences in comorbidities among HILI cases with or without pre-existing CLD, except for cardiovascular disease (12.1% vs 1.8%, p=0.024) (online [supplementary table S4](#SP1){ref-type="supplementary-material"}).

Nevertheless, there were more differences in clinical and laboratory findings among patients with HILI with pre-existing CLD, those without CLD and matched CLD patients. Compared with the levels in patients with HILI without CLD, higher levels of serum TB (at peak, median, 10.38 vs 18.75 mg/dL, p=0.008) and lower levels of serum albumin (at lowest, median, 35 vs 33 g/L, p=0.036) and cholinesterase (at lowest, 5138.79±1659.09 vs 4197.70±1969.99 U/L, p=0.007) were found in HILI patients with pre-existing CLD. In addition, MELD scores in HILI patients with pre-existing CLD were significantly higher than in those without CLD (median, 15 vs 17, p=0.038). To investigate the impacts of different pre-existing CLD on HILI, we selected and analysed two major types of pre-existing CLDs (ALD and NAFLD) in patients with HILI and matched ALD or NAFLD patients with patients with HILI (1:8) who had corresponding pre-existing CLD ([tables 2 and 3](#T2 T3){ref-type="table"}). The compared results indicated that patients with HILI with pre-existing ALD or NAFLD had more severe abnormalities in liver biochemistry, including ALT, AST, ALP, TB, INR, serum albumin and cholinesterase, than matched ALD or NAFLD patients (p for all \<0.05).

Histological findings {#s3c}
---------------------

In 145 enrolled PMT-related HILI patients, liver biopsies were performed in 70 cases with and without pre-existing CLD to confirm the diagnosis of HILI. The most common histological patterns were acute (50.8%) hepatitis and acute cholestasis (12.3%), followed by chronic hepatitis (15.4%) and cholestatic hepatitis (21.5%). Lobular inflammation, portal inflammation, interface hepatitis, with typical confluent necrosis, apoptosis and neutrophils, were frequently found in over 50% of HILI cases with histological information. Additionally, hepatocellular and/or canalicular cholestasis in 22 HILI cases, all of whose clinical patterns were hepatocellular liver injury. Histological patterns between patients with HILI with and without pre-existing CLD were similar (p\>0.05).

Outcomes {#s3d}
--------

Recorded data on clinical outcomes during follow-up visits are shown in [table 1](#T1){ref-type="table"} and online [supplementary table S5](#SP1){ref-type="supplementary-material"}. All enrolled patients with HILI or CLD were followed up until the end of the study. In 145 patients with PMT-related HILI, four patients with hepatocellular (n=2) or cholestatic liver injury (n=2) died because of haemorrhagic disease, one complication of liver diseases. Four patients progressed to acute and chronic liver failure (ACLF) in 33 patients with HILI with pre-existing CLD, while no one developed ACLF in 112 HILI cases without CLD. Among 33 patients with HILI and CLD, 2 patients died in 4 patients with ACLF, whereas only 1 died in 29 patients without ACLF.

Of patients with HILI patients with fatal outcomes, three patients with HILI with pre-existing CLD and one patient with HILI without a pre-existing CLD died, whereas all of the matched CLD patients survived. Compared with patients with HILI without pre-existing CLD, patients with HILI with pre-existing CLD had a higher mortality rate (0.9% vs 9.1%, p=0.037) and a greater rate of chronicity (12.5% vs 27.3%, p=0.041) ([table 1](#T1){ref-type="table"}). Moreover, patients with HILI with pre-existing ALD had higher chronicity (11.8% vs 35.3%, p=0.038) and a lower recovery rate (88.2% vs 58.8%, p=0.011) than the matched ALD patients ([table 2](#T2){ref-type="table"}). In the univariate logistic regression analysis, the concurrence of pre-existing CLD was considered a significant risk factor for worse outcomes (OR 4.203, 95% CI 1.735 to 10.185, p=0.001), including chronicity (OR 3.043, 95% CI 1.201 to 7.713, p=0.019) and mortality (OR 11.100, 95% CI 1.114 to 110.584, p=0.040) ([table 4](#T4){ref-type="table"}).

###### 

Logistic regression for the prognosis of PMT-related HILI with and without pre-existing CLD

  Parameters†                      Univariable   Multivariate\*                                                
  -------------------------------- ------------- ---------------- --------- --------- ------- ------- -------- -------
  Chronic                                                                                                      
   Age                             1.023         0.990            1.058     0.175     1.014   0.977   1.052    0.465
   Sex                             1.018         0.423            2.452     0.968     0.970   0.348   2.707    0.954
   BMI                             1.146         1.006            1.306     0.040                              
   Pre-existing CLD                3.043         1.201            7.713     0.019     3.035   1.115   8.259    0.030
   Peak value of ALT               0.999         0.998            1.000     0.078     0.999   0.998   1.000    0.102
   Peak value of total bilirubin   1.025         0.976            1.075     0.323                              
   Peak value of INR               2.596         0.858            7.855     0.091                              
   Lowest albumin                  0.879         0.802            0.964     0.006                              
   Lowest cholinesterase           1.000         0.999            1.000     0.010                              
   MELD score                      1.015         0.936            1.100     0.727     1.017   0.933   1.109    0.703
  Mortality                                                                                                    
   Age                             1.042         0.965            1.124     0.293     1.028   0.960   1.101    0.433
   Sex                             0.277         0.028            2.729     0.271     0.512   0.085   3.076    0.465
   BMI                             1.071         0.804            1.426     0.640                              
   Pre-existing CLD                11.100        1.114            110.584   0.040     4.385   0.846   22.714   0.078
   Peak value of ALT               0.999         0.997            1.001     0.212     0.999   0.997   1.000    0.169
   Peak value of total bilirubin   1.169         1.039            1.316     0.010                              
   Peak value of INR               12.448        2.429            63.779    0.002                              
   Lowest albumin                  0.545         0.328            0.904     0.019                              
   Lowest cholinesterase           0.997         0.996            0.999     0.008                              
   MELD score                      1.326         1.088            1.616     0.005     1.222   1.052   1.421    0.009
  Mortality and chronicity                                                                                     
   Age                             1.028         0.996            1.061     0.089     1.021   0.985   1.058    0.265
   Sex                             0.828         0.363            1.890     0.654     0.819   0.300   2.236    0.696
   BMI                             1.143         1.010            1.294     0.034                              
   Pre-existing CLD                4.203         1.735            10.185    0.001     3.966   1.501   10.477   0.005
   Peak value of ALT               0.999         0.998            1.000     0.031     0.999   0.998   1.000    0.022
   Peak value of total bilirubin   1.052         1.005            1.101     0.028                              
   Peak value of INR               7.708         1.986            29.923    0.003                              
   Lowest albumin                  0.804         0.726            0.890     \<0.001                            
   Lowest cholinesterase           0.999         0.999            1.000     \<0.001                            
   MELD score                      1.068         0.988            1.154     0.096     1.077   0.989   1.172    0.087

\*Peak value of total bilirubin, INR and lowest serum albumin and cholinesterase were excluded for multivariate analysis.

†Choosing clinically relevant variables (age and sex) and those with P\<0.1 on univariate analysis. For variables with known co-linearity or high correlations, clinical judgement was used to select one predictor for additional modelling.

ALT, serum alanine transaminase; BMI, body mass index; CLD, chronic liver disease; HILI, herb-induced liver injury; INR, international normalised ratio; MELD, Model for End-Stage Liver Disease; PMT, *Polygonum multiflorum* Thunb.; TCM, traditional Chinese medicine.

In the multivariate logistic regression analysis, clinically relevant variables (age and sex) and those with statistical significance (p\<0.1) in the univariate analysis (pre-existing CLD, liver biochemistries and MELD score) were introduced as covariates ([table 4](#T4){ref-type="table"}). As variables with known colinearity or high correlations, the selection of one predictor for modelling was judged by clinical practice. Multivariate logistic regression analysis showed that the concurrences of pre-existing CLD (OR 3.966, 95% CI 1.501 to 10.477, p=0.005) and peak ALT (OR 0.999, 95% CI 0.998 to 1.000, p=0.022) were independently associated with worse outcomes, including chronicity and mortality. In multivariate logistic regression analysis for different worse outcomes, the concurrence of pre-existing CLD was likely to be an independent risk factor for chronic outcomes of HILI (OR 3.035, 95% CI 1.115 to 8.259, p=0.030) as well as MELD scores for liver-related death (OR 1.222, 95% CI 1.052 to 1.421, p=0.009). In addition, the concurrence of pre-existing CLD might be a potentially relevant factor with a trend close to significance for fatal outcomes of HILI (p=0.078).

Discussion {#s4}
==========

In this study, PMT-related HILI patients with pre-existing CLD showed a higher mortality rate (0.9% vs 9.1%, p=0.037) and a greater rate of chronicity (12.5% vs 30.3%, p=0.016) than those without CLD. Multivariate logistic regression analysis illustrated that concurrence of pre-existing CLD was an independent risk factor for chronic and fatal outcomes (OR 3.966, 95% CI 1.501 to 10.477, p=0.005), especially the former (OR 3.035, 95% CI 1.115 to 8.259, p=0.030). Thus, the concurrence of pre-existing CLD is likely to be an independent risk factor for worse prognosis, especially chronicity, in PMT-related HILI. These results provide new insights into the clinical study and management of alternative treatment with herbal medications, especially in patients with pre-existing CLD.

In LMICs, herbal medications, rather than synthetic drugs, are frequently used as alternative or supplementary agents to replace conventional synthetic drugs to treat chronic diseases due to the lower cost of TCM and limited access to conventional medicines in remote areas of LMICs.[@R26] Thus, this study might partly explain why the proportion of PMT-related HILI patients with pre-existing CLD among all enrolled patients with HILI from China (a LMIC) seemed to be markedly higher than the proportion of patients with DILI with pre-existing CLD among all patients with DILI from the USA (a developed country)[@R13] (22.8% vs 9.9%, respectively). In addition, the use of HDS and the constituent ratio of HILI in DILI cohorts appeared to show increasing trends.[@R7] Self-medication among patients with CLD often accounts for a proportion of herbal medication use.[@R29] Therefore, HILI coupled with pre-existing CLD is a critical and expanding issue in most of these countries.

In this study, we noted that ALD was the primary type of pre-existing CLD involved in PMT-related HILI, followed by NAFLD, CVH and AILD. In contrast, pre-existing hepatitis C or NAFLD often underlie DILI in the DILIN registry.[@R13] The difference between this study and the DILIN registry might be associated with the different spectra of liver diseases, medication systems and socioeconomic backgrounds. According to a retrospective nationwide analysis, the risk of acute DILI could increase with pre-existing ALD (aOR 6.46; 95% CI 4.53 to 9.21) and NAFLD (aOR 7.43; 95% CI 3.30 to 16.7).[@R30] Thus, PMT and its products should be prudently administered to patients with pre-existing ALD or NAFLD.

Interestingly, the laboratory findings of patients with HILI with pre-existing CLD were similar to those of patients with HILI, rather than to those of patients with corresponding CLD. Additionally, histological patterns had no difference between PMT-related HILI patients with and without pre-existing CLD in this study. These results showed that abnormal liver biochemistries and histological findings were dominated by PMT and its products, although these patients with HILI had pre-existing CLD. For instance, patients with HILI with pre-existing CLD and those without CLD could have patterns of sharply increasing levels of ALT, AST, ALP and TB, while patients with CLD could have trends of slightly elevated levels of these factors. Thus, the diagnosis of HILI is likely to depend on the pattern of increasing levels of liver biochemistries and histological findings, especially in patients with pre-existing CLD. However, compared with those in patients with HILI without CLD, the peak value of serum TB and the lowest values of serum albumin and cholinesterase were more severe in patients with HILI with pre-existing CLD, most of whom were diagnosed with hepatocellular liver injury. Previous studies and Zimmerman's observations have confirmed that increased bilirubin levels and hepatocellular liver injury caused by drugs were associated with 10%--50% mortality and liver transplantation rates from liver failure.[@R31] More severe hypoalbuminaemia and lower choline esterase activity could be explained by underlying impaired liver function due to reduced synthesis.[@R32] In a previous study of hepatotoxicity caused by active antiretroviral agents, patients with acute DILI appeared to be more severe in those with CVH.[@R34] Consequently, care should be taken to monitor and manage patients with pre-existing CLD who digest herbal medications by either physician prescription or self-medication.

Notably, this study showed that PMT-related HILI patients with pre-existing CLD had higher mortality and greater chronicity. Furthermore, concurrence of pre-existing CLD could be an independent risk factor for worse prognosis, especially chronicity, in PMT-related HILI. Although PMT-related HILI patients with pre-existing CLD (9.10%) in this study showed similar liver-related mortality rates as patients with DILI with pre-existing CLD (9.12%) in the DILIN registry, PMT-related HILI patients with pre-existing CLD were more likely to develop chronic outcomes (30.3%) than patients with DILI with pre-existing CLD (13.7%) in the DILIN study.[@R13] PMT-related HILI patients with pre-existing ALD were more likely to have CLD than matched ALD patients. In a study of patients with pulmonary tuberculosis treated with various antituberculosis drugs, multivariate analysis revealed prior alcohol consumption to be a risk factor for recurrent DILI.[@R35] Additionally, ACLF might increase the risk for liver-related mortality in patients with HILI with pre-existing CLD. In a retrospective cohort study, hepatic necrosis and hepatic encephalopathy could be significantly associated with liver-related deaths in HILI caused by Ayurvedic and herbal medicines.[@R36] Acute DILI in individuals with pre-existing CLD was hypothesised to result in severe liver injury or slower to recovery due to impaired liver regeneration.[@R3] Therefore, patients with pre-existing CLD following ingestion of herbal TCM should be considered, with a focus on the increased risk of HILI and its worse prognosis.

The present study is noteworthy for several reasons. First, this was a matched (1:8) case--control study on HILI combined with CLD in a large clinical database (n=193 714) from a specialised liver disease centre in China. Second, the HILI cases in the present study attributed to the same herb were found in order to avoid differential effects of confounding variables (different drugs) on prognosis. Third, the comparisons were simultaneously analysed among the three groups (HILI with CLD group, HILI without CLD group and matched CLD without HILI group) for the sake of distinguishing between HILI and CLD interactions. These methods of clinical study was rarely published in previous researches on DILI or HILI.[@R3] Additionally, the association between concurrence of pre-existing CLD and worse prognosis of HILI was discovered in this study. In previous studies, knowledge about intersection between HILI and pre-existing CLD has been limited.

However, our study has some limitations. There were potential selection bias and recall bias in this study because of its single-centre and retrospective design. Furthermore, the present study investigated clinical characteristics and prognosis of an herb-PMT-related HILI in patients with CLD, so this affected the sample size of enrolled patients and the power of our study.

In conclusion, patients with HILI with pre-existing CLD should receive heightened attention owing to an increased risk of worse prognosis. Although patients with pre-existing CLD might benefit from the use of complementary and alternative medicines (CAM), especially herbal remedies, they are most likely to experience fatality or chronicity after suffering from HILI caused by herbal TCM. Therefore, providing strict monitoring and supervision of CAM, including herbal TCM, in the treatment of patients with pre-existing CLD is crucial in LMICs. Based on the present research design, further large samples, multicentre and prospective studies are needed to find the distinctive characteristics, risk factors and predictors of prognosis in all-cause DILI patients with pre-existing CLD.
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